Circular RNA, a class of non-coding RNA, is a new group of RNAs and is related to tumorigenesis. Circular RNAs are suggested to be ideal candidate biomarkers with potential diagnostic and therapeutic implications. However, little is known about their expression in human colorectal cancer. In our study, differentially expressed circular RNAs were detected using circular RNA array in paired tumor and adjacent non-tumorous tissues from six colorectal cancer patients. Expression levels of selected circular RNAs (hsa_circRNA_103809 and hsa_circRNA_104700) were measured by realtime polymerase chain reaction in 170 paired colorectal cancer samples for validation. Statistical analyses were conducted to investigate the association between hsa_circRNA_103809 and hsa_circRNA_104700 expression levels and respective patient clinicopathological features. Receiver operating characteristic curve was constructed to evaluate the diagnostic values. Our results indicated that there were 125 downregulated and 76 upregulated circular RNAs in colorectal cancer tissues compared with normal tissues. We also first demonstrated that the expression levels of hsa_circRNA_103809 (p < 0.0001) and hsa_circRNA_104700 (p = 0.0003) were significantly lower in colorectal cancer than in normal tissues. The expression level of hsa_circRNA_103809 was significantly correlated with lymph node metastasis (p = 0.021) and tumor-node-metastasis stage (p = 0.011), and the expression level of hsa_circRNA_104700 was significantly correlated with distal metastasis (p = 0.036). The area under receiver operating characteristic curves of hsa_circRNA_103809 and hsa_circRNA_104700 were 0.699 (p < 0.0001) and 0.616 (p < 0.0001), respectively. In conclusion, these results suggest that hsa_circRNA_103809 and hsa_circRNA_104700 may be potentially involved in the development of colorectal cancer and serve as potential biomarkers for the diagnosis of colorectal cancer.
Introduction
Colorectal cancer (CRC) is frequently among the most common of cancers and the main cause of morbidity and mortality worldwide. 1 Although the available methods involving a combination of surgical resection, radiation, and chemotherapy have improved a patient's 5-year survival, the rate of mortality is high (~50,000 annually), and almost 50% of CRC patients still experience recurrence. Likely reasons for this would be the lack of early cancer detection and reliable prognostic predictions. Statistics from well-known sources have reported that CRC made up over 9% in all incidence of malignancies 2, 3 and about 8% of all new cases of malignancy in 2014. 4 Therefore, research for determining biomarkers and effective molecular targets for CRC are extremely critical.
Circular RNA (circRNA), is a class of non-coding RNAs (ncRNAs), formed mainly by back-splicing and covalent binding that are mostly found in the eukaryotic transcriptome and exosomes. 5, 6 They play major roles in gene expression regulation and biological processes. [7] [8] [9] [10] CircRNAs, different from linear RNAs, form a closed continuous loop, and are an emerging class of ncRNAs in the latest study, although they have been around for about 20 years. 11 CircRNAs as a special subset of endogenous RNAs have indicated enormous capabilities for gene regulation and high tissue-specific expression in humans. 12 Compared with other RNAs, circRNAs may have potential biological functions in gene expression regulation and will become ideal biomarkers in the diagnosis of cancers. In recent circRNA studies, a mass of unknown circRNAs have been confirmed in various human cell types. [12] [13] [14] [15] Meanwhile, a large number of circRNAs have been found in CRC, which may provide significant clues for gaining a better understanding of the roles of circRNAs in the development and progression of CRC.
In this study, we detected differentially expressed circRNAs using human circRNA array and screened the most significantly different circRNAs in CRC tissues. We examined the expression levels of hsa_circRNA_103809 and hsa_circRNA_104700 in 170 paired CRC and normal adjacent tissues using quantitative reverse transcription (RT)-polymerase chain reaction (PCR), and found that hsa_circRNA_103809 and hsa_circRNA_104700 were significantly downregulated in CRC tissues compared with normal adjacent tissues. In addition, we found that the expression level of hsa_circRNA_103809 was significantly associated with lymph node metastasis (p = 0.021) and tumor-node-metastasis (TNM) stage (p = 0.011), while the expression level of hsa_circRNA_104700 was significantly associated with distal metastasis (p = 0.036). Our results indicate that hsa_circRNA_103809 and hsa_cir-cRNA_104700 may be excellent diagnostic markers for CRC.
Materials and methods

Patients and clinical specimens
In this study, we collected a total of 170 paired CRC tissues and matched adjacent non-cancerous tissue samples (5 cm from the edge of the cancer as assessed by a pathologist) from patients undergoing surgical resection between 2013 and 2015 at the First Affiliated Hospital of Wenzhou Medical University, China.
All tissue samples were verified by a trained pathologist and were immediately preserved at −80°C until further use. No patient had received any form of anti-cancer treatment before surgery. Six CRC tissues were selected for human circRNA array. Tumor grades were defined according to the criteria of World Health Organization (WHO; 2010). 16 The pathological TNM status was assessed according to the criteria of the sixth edition of the TNM classification of the International Union Against Cancer (2002). 17 Written informed consent was provided from each patient or her or his guardian. The study was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University.
Human circRNA array
Total RNA was extracted from six paired CRC and adjacent normal tissues using TRIzol (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions and was quantified using NanoDrop ND-1000. The sample preparation and microarray hybridization were achieved based on the Arraystar's standard protocols. Total RNA from each sample was amplified and transcribed into fluorescent cRNA utilizing random primer according to Arraystar's Super RNA Labeling protocol (Arraystar Inc., Rockville, MD, USA). The labeled cRNAs were further hybridized with the Arraystar Human circRNA Array (Arraystar). After washing the slides, the arrays were scanned using the Agilent Scanner G2505C. The acquired array images were analyzed using the Agilent Feature Extraction software (version 11.0.1.1). Quantile normalization and subsequent data processing were performed using the R software package. The volcano plot filtering was used to identify the differentially expressed circRNAs, which possess statistical significance between two groups. The Fold Change (FC) filtering was used to identify the differentially expressed circRNAs between two samples. Hierarchical Clustering was performed to show distinguishable circRNA expression pattern among samples. CircRNAs with FCs greater than 1.5 and p < 0.05 were selected as being significantly differentially expressed.
Experimental validation with quantitative RT-PCR
Hsa_circRNA_103809 and hsa_circRNA_104700 were selected for experimental validation using a quantitative RT-PCR. Total RNA was extracted from the CRC and paired adjacent normal tissues samples using TRIzol reagent (Invitrogen). Complementary DNA (cDNA) was synthesized with random primers using a Revert Aid First Strand cDNA Synthesis kit (Thermo Fisher, no. K1622, Rockford, IL, USA), and each RT reaction consisted of 1.0 µg RNA. Realtime PCR was performed with SYBR Premix Ex Taq (Takara, Japan) on ABI 7500 Real-time PCR system (Applied Biosystems, Warrington, UK). Divergent primers of hsa_cir-cRNA_103809 and hsa_circRNA_104700 were designed. The relative amount of gene expression was normalized to that of glyceraldehyde-3-phosphate dehydrogenase (GAPDH; an endogenous housekeeping gene). The sequences of hsa_ circRNA_103809 primers were 5′-ACG CAT TCT TCG AGA CCT CT-3′ (sense) and 5′-TGC CTG TAA CTC CTC TTC AGT-3′ (antisense). The sequences of hsa_cir-cRNA_104700 primers were 5′-TCC GAC AGC AAC AGG AAA TG-3′ (sense) and 5′-TGG ACC TCG GAC TGG GAT AA-3′ (antisense). The sequences of GAPDH primers were 5′-GTC AGC CGC ATC TTC TTT TG-3′ (sense) and 5′-GCG CCC AAT ACG ACC AAA TC-3′ (antisense). The amplified PCR products of the expected length were dissected from a gel and were verified by DNA sequencing to confirm the PCR results. The relative expression level was calculated using the ΔCt method.
Statistical analysis
All experimental data were analyzed using Statistical Product and Service Solutions software 16.0 (SPSS, Chicago, IL) and GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA). The area under the curve (AUC) was used to assess the predictive power and to determine the cutoff scores for the high-expression and low-expression of circRNAs (the quantitative polymerase chain reaction (qPCR) Ct value cutoff of hsa_circRNA_104700 was 10.753 and the Ct value cutoff of hsa_circRNA_103809 was 13.9). All of the enumerated data were compared using chi-square test, and comparisons of the continuous data between two groups were tested using an independent t-test. The p value <0.05 was considered significant.
Results
Profiles of differently expressed circRNAs in CRC
Six patient samples were randomly chosen from a CRC cohort. Histopathology was assessed by a pathologist, and patient characteristics are shown in Table 1 . The percentage of tumor cells and stromal components stained with hematoxylin and eosin was analyzed, and the results showed that the CRC tissues harbored more than 50% tumor cells (Table 1) . A total of 4,342 circRNAs were detected in all six pairs of samples, and 201 (4.6%) differentially expressed circRNAs were revealed through a comparison between normal colorectal tissues and CRC tissues (FC > 1.5, p < 0.05) (Figure 1(a) ). In the differently expressed circRNAs, more than 85% of circRNAs were located in exons ( Figure 1(b) ). Hierarchical clustering revealed expression differences of circRNAs between six paired CRC and adjacent normal tissues ( Figure 1 
(c)).
A volcano plot was used as a tool for visualizing differential expression between normal and malignant CRC tissues. It was constructed using FC values and p values to visualize the relationship between FC (magnitude of change) and statistical significance (which takes both magnitude of change and variability into consideration). The red point in the plot represents the differentially expressed circRNAs with statistical significance (Figure  2(a) ). Hierarchical clustering showed different circRNAs expression levels (FC > 3, p < 0.05) between normal and malignant CRC tissues from the six CRC patients ( Figure  2(b) ). Among the differently expressed circRNAs, there were 125 downregulated circRNAs in CRC tissues (FC > 1.5, p < 0.05). Among them, 43 circRNAs were downregulated compared to normal colorectal tissues (FC > 2, p < 0.05), and seven circRNAs were downregulated more than threefold (FC > 3, p < 0.05) (Figure 2(c) ). Similarly, there were 76 upregulated circRNAs in CRC tissues (FC > 1.5, p < 0.05). Among them, 32 circRNAs were upregulated compared to normal colorectal tissues (FC > 2, p < 0.05), and eight circRNAs were upregulated more than threefold (FC > 3, p < 0.05) (Figure 2(d) ). Detailed information of significant circRNAs was shown in Table 2 according to the extent of the changes between CRC tissues and normal colorectal tissues (FC > 3, p < 0.05).
Identification of differentially expressed circRNAs in CRC tissues correlates with lymph node metastasis
To identify circRNAs involved in CRC lymph node metastasis, the circRNAs expression profiles in CRC with and without lymph node metastasis were compared ( Patient ID 4, 5, 6 with lymph node metastasis). There were 13 differentially expressed circRNAs (seven downregulated and six upregulated, FC > 1.5, p < 0.05). Changes in circRNAs expression and statistical significance were calculated and illustrated using volcano plots ( Figure  3(a) ). Hierarchical clustering analysis indicated the expression levels of different circRNAs (Figure 3(b) ). Detailed information of significant circRNAs according to the extent of the changes in CRC tissues with lymph node metastasis (FC > 1.5, p < 0.05) was shown in Table 3 .
Decreased expression levels of hsa_ circRNA_103809 and hsa_circRNA_104700 in CRC and their related clinical implications
Based on our circRNAs profiling study, hsa_cir-cRNA_103809 and hsa_circRNA_104700 were randomly selected for the validation in relatively large-scale samples (170 paired CRC and matched adjacent non-cancerous tissues). The expression levels of hsa_circRNA_103809 and hsa_circRNA_104700 were significantly decreased 3.57 fold and 4.17 fold, respectively, in CRC tissues compared with normal colorectal tissues based on the results from the circRNAs array. qRT-PCR results indicated that hsa_ circRNA_103809 and hsa_circRNA_104700 had significantly lower expression levels in CRC vs non-tumorous tissues (Figure 4(a) and (b) ). Furthermore, the receiver operating characteristic (ROC) curve analysis was performed for the expression levels of hsa_circRNA_103809 and hsa_circRNA_104700. The ROC curve is a comprehensive index reflecting the sensitivity and specificity of continuous variables. The area under the ROC curves of hsa_circRNA_103809 and hsa_circRNA_104700 were 0.699 (p < 0.0001, Figure 4 (c)) and 0.616 (p < 0.0001) (Figure 4(d) ), respectively. The correlations between circRNAs expression levels and clinicopathological features of patients with CRC were also analyzed. We found that the expression level of hsa_circRNA_103809 was significantly associated with lymph node metastasis (p = 0.021) and TNM stage (p = 0.011), while the expression level of Significantly differentially expressed circRNAs between normal and malignant tissues of CRC are shown on a scale from green (low) to red (high). Individual tissues subsets are depicted as columns.
hsa_circRNA_104700 was significantly correlated with distal metastasis (p = 0.036) ( Table 4) .
Discussion
CircRNAs were found more than 20 years ago from a few transcribed genes. 11, [18] [19] [20] [21] The phenomenon of the RNA presenting itself as a circle in the eukaryotic cytoplasm was first reported by Hsu and Coca-Prados. 22 Nevertheless, these RNA molecules had generally been thought to be of low abundance and may be splicing errors. 13 In the last few years, a large number of circRNAs have been successfully identified in different species or tissues through highthroughput RNA sequencing and bioinformatics analysis. [23] [24] [25] It was reported that circRNAs are highly conserved sequences 26 largely originating from exons or introns, 27 and are formed by exonic transcripts through gene rearrangement or non-linear reverse splicing. 28 Numerous researches have also shown that a large abundance of circRNAs are highly expressed 13, 28 and stable in human cells. 13, 26 Compared with other RNAs, circRNAs may have the potential to become ideal candidate biomarkers of cancers. 29 In this study, we performed a circRNA profiling using six pairs of CRC and normal tissues, and identified 201 circRNAs that were significantly dysregulated in CRC compared with normal tissues. We also identified 13 differentially expressed circRNAs in CRC tissues correlated with lymph node metastasis. It has been shown that circRNAs can act as potential biomarkers for atherosclerosis, 30 degenerative diseases, 31 central nervous system diseases, 32 and cancers. 33, 34 Cyclization of an INK4/ARF-relevant RNA was associated with atherosclerosis. 30 CDR1 was connected with Alzheimer's disease. 32 A global reduction of circRNA abundance was observed in CRC compared with normal tissues, and a negative correlation of global circRNA abundance and proliferation was found. 35 Hsa_circ_002059 was found to be significantly downregulated in gastric cancer tissues compared with paired normal tissues, and its expression level was significantly correlated with distal metastasis and TNM stage, suggesting that hsa_circ_002059 may be used as a potential novel biomarker for gastric cancer. 33 Hsa_ circ_0001649 may become a new biomarker for hepatocellular carcinoma, 36 and hsa_circ_001988 has also been suggested as a potential biomarker in the diagnosis of CRC. 37 In this study, we investigated the expression levels of hsa_circRNA_103809 and hsa_circRNA_104700 by qPCR in 170 paired CRC and normal tissues. Our results indicated that the expressions of hsa_circRNA_103809 and hsa_circRNA_104700 were significantly decreased in CRC tissues compared with adjacent normal tissues. Furthermore, the expression level of hsa_circRNA_103809 was significantly associated with lymph node metastasis and TNM stage, while the expression level of hsa_cir-cRNA_104700 was significantly correlated with distal metastasis. These results suggest that lower expression levels of hsa_circRNA_103809 and hsa_circRNA_104700 were associated with poor prognosis of CRC. ROC analyses also showed that hsa_circRNA_103809 and hsa_cir-cRNA_104700 may be used as potential biomarkers in the diagnosis of CRC.
Although the mechanisms underlying the action of circRNAs in cancer are still unknown, it has been proposed that circRNAs could act as a microRNA (miRNA) sponge. 26 For instance, ciRS-7 has more than 70 binding sites for miR-7 and was found to bind miR-7 specifically to impair its regulatory effect. Another circRNA is the testis-specific transcript of the sex-determining region (Sry), which serves as a miR-138 sponge to control the expression level of miR-138. 26 Nevertheless, there are only a few detailed studies of circRNAs that include their respective miRNA binding sites. Researchers also have inferred that circRNAs possess other functions related to protein or RNA transport. 31 In our study, the circRNA/miRNA interaction was predicted with Arraystar's home-made miRNA target prediction software based on TargetScan 38 and miRanda. 39 We found that hsa_circRNA_103809 has putative miRNA binding sites including hsa-miR-511-5p, hsamiR-130b-5p, hsa-miR-642a-5p, hsa-miR-532-3p, and hsa-miR-329-5p, and hsa_circRNA_104700 has putative miRNA binding sites including hsa-miR-141-5p, hsa-miR500a-5p, hsa-miR-509-3p, hsa-miR-619-3p, and hsamiR-578. These data may provide important clues to the "miRNA sponge" functions of hsa_circRNA_103809 and hsa_circRNA_104700.
Conclusions
In summary, we identified 125 downregulated and 76 upregulated circRNAs in CRC tissues by microarray circRNA expression profile analysis. Our study is also the first to demonstrate that the expression levels of hsa_cir-cRNA_103809 and hsa_circRNA_104700 were significantly downregulated in 170 CRC tissues and they were associated with tumor progression. The aberrantly expressed circRNAs may be potentially involved in the development of CRC and serve as potential diagnosis biomarkers for CRC. However, further studies are needed to validate this observation in plasma sample. Moreover, it will be necessary to explore functions and mechanisms of hsa_circRNA_103809 and hsa_circRNA_104700. was detected by qRT-PCR; they were matched with normal colorectal tissues (n = 170). GAPDH was used as the control for mRNA loading, and hsa_circRNA_103809 abundance was normalized to GAPDH mRNA (***p < 0.0001). (b) Hsa_circRNA_104700 expression level between CRC tissues (n = 170) and normal colorectal tissue samples (n = 170) was measured by qRT-PCR (p = 0.0003), (c) receiver operating characteristics (ROC) curve analysis using hsa_circRNA_103809 for discriminating CRC (p < 0.0001), and (d) ROC curve analysis using hsa_circRNA_104700 for discriminating CRC (p < 0.0001). 
